Mobots (mobile robots) remote-controlled by human operators are more and more widely used for watching and guarding. A mobot should not be controlled by an occasional person.
mobots are capable of performing many dangerous or boring tasks, such as exploring volcano sites or Mars surface etc. Mobots are getting cheaper and cheaper each year, and obviously are not as expensive as human life is.
The main purpose of a mobot is still to collect data whereas a mobot operator analyses them and decides what a mobot should do then. A mobot operator should: detect all changes precisely (be perceptive), quickly (be fast responding but without emotions), reach a conclusion, be a good strategist and stress resistant. His skills should be as high as possible. Our recent research showed that to achieve this goal the candidates for mobot operators might be trained with the help of a touring simulator similar to flight simulators [1] . However, it is expensive and time-consuming. Therefore, selecting best candidates for training from those available is necessary.
Our initial research showed that ability to become a good mobot operator is an individual feature of the candidate, different for each person [2] . Then the problem arises whether there is a simple and cheap test of this ability or not and, which is more technical, how to find out such a test.
The paper addresses this problem. In Section 2 more precise description of the problem is given. In Section 3 a brief outline of the solution of the problem is presented. Sections 4-6 contain detailed description of the solution. The paper ends with conclusions.
Problem statement
Suppose there is a group of candidates for mobot operators. Of the group a subgroup 10-20% of the candidates most promising should be selected as far as ability of real environment watching is concerned. This subgroup will be next trained with the help of a touring simulator. The problem whether there is a simple and cheap test of the ability mentioned above and how to find out such a test should be solved.
Besides a test on the simulator a lot of personal data like age, gender, education etc. can be gathered about the candidates. However, in this case they are useless [3] . On the other hand there are some features of a human being that might be taken into consideration. For example, an average mark of a student indicates a lot about his diligence, brightness, resistance to stress, flexibility etc. As it is a long-term test, its results do not depend on transient factors like mood, weather, etc. However, it is useful for students only. Sometimes personal record showing some specific skills (e.g. race driving) may be helpful. On the contrary, a specific intelligence test checking perceptiveness and association abilities may be useful for a candidate of any kind.
It is readily seen that one may suggest many options. However, the problem is not only "what" should be tested but mostly "how" to prove validity of the test.
Selection procedure
As concerns "what" of many pieces of information that might be gathered about a candidate one specific and one universal were selected for evaluation in this work. The candidates who took part in our experiments were students. Therefore, their average marks were taken into consideration. The other data came from a simple but comprehensive intelligence test checking perceptiveness of the students. The latter would be universal for candidates of any kind.
As concerns "how" the following procedure was applied:
Step 1. Data acquisition a. all candidates had full training; distributions of their scores (so called watching quality were calculated; that is described later) were calculated for each phase of the training, b. distribution of average marks for all candidates was calculated, c. all candidates took the intelligence test; distribution of their scores was calculated.
Step 2. Ranking: on the basis of watching quality calculated for every of the candidates after the training they were put into three subgroups (categories): poor, mediocre and good.
Step 3. Matching up: as the category "good" pointed to the candidates who should be good mobot operators, it was the point of reference for evaluation of both average mark and intelligence test criteria of initial selection of candidates. To check whether or not the distribution of average marks/scores of intelligence test of the candidates matches the categories the following approaches were used: a. rough sets theory, and b. statistical analysis.
Data acquisition
For training mobot operators a touring simulator and a game based on it were created [1, 2] . Playing the game an operator controls a virtual mobot with a camera which moves across a room where objects are placed. The goal of the operator is to find all changes in the room in limited time. The changes may be as follows: an object disappearance or appearance, modification of object color or orientation. The operator is equipped with a map reflecting initial state of the scene. The simulator can store and process data about quality of watching for each operator, orders sent by the operator to a mobot and his reaction time.
The first phase of the experiment was aimed to familiarize operators with he simulator. The second stage of the experiment was intended to examine the process of learning the operators and consisted in watching a set of boards repeated three times. During every part of the experiment, the simulator collected data about the actions performed by all operators. On that basis a function reflecting so called quality of watching Q Q Q was calculated (it will be defined later).
The students from Kielce University of Technology took part in the experiment. The participants were asked to fill in a questionnaire about their average marks. Additionally they were asked to solve the intelligence test, concerning their diligence and association abilities.
As follows from this research:
• watching quality is individual ability of an operator;
• distribution of watching quality is normal (Fig. 1) ; • watching quality can be increased with the help of a touring simulator (Fig. 2) ; 
Ranking
The training was designed to calculate so called watching quality Q Q Q. It was calculated for each of the candidates.
Watching quality Q Q Q is defined as follows:
where D denotes % of changes detected, D L denotes % of changes detected too late, C W denotes the number of collisions with the walls, C O denotes the number of collisions with objects, C S denotes the number of how many times a player has gone beyond scene limits, C P denotes the number of how many times a player has gone off the path, I denotes % of incorrectly detected changes, M denotes the number of moves and P denotes the number of photos taken. The candidates were divided into three subgroups: good, mediocre and poor, according to watching quality they showed after the training (Fig. 5) . Categories:
• poor -average value of Q Q Q < 0;
• mediocre -average value of Q Q Q < 0, 100);
• good -value of Q Q Q greater than 100.
The detailed description of this part of the experiment can be found in [1] . 
Matching
Next, as the category "good" points to these candidates who should be good mobot operators so it is the point of reference for evaluation of both average mark and intelligence test criteria of initial selection of the candidates.
In this research to check whether or not the distribution of average marks/scores of intelligence test of the candidates matches the categories the following approaches were used: a. rough sets theory [4] , and b. statistical analysis [5] .
ARES analysis.
The first approach was to apply the rough sets theory, and see if it could bring usable results. ARES [6] was used for profiling the candidates.
ARES is a data analysis tool utilizing rough sets theory. ARES uses decision table which is discretized (available discretization methods: naive, equal support, equal width with range count, etc.). First, a set of all reducts, minimal reducts and dynamic reducts are derived. Then, credibility coefficients are calculated.
Let us suppose -with analogy to the example described in [6] -that if from the patient's symptoms it is possible to estimate (diagnose) his health status then from the student's average mark or his score of intelligence test it is possible to estimate his watching quality Q Q Q. If too high patient's body temperature means that he is sick, so high enough average mark or test score may mean that a student is gifted of becoming a mobot operator.
Let the decision table contain two columns: average mark of a student and his Q Q Q as a decision attribute. From Table 1 it is seen that the average mark is a reduct. However, the higher discretization (more "support") the lower credibility is observed. 
Statistical analysis.
The second approach was to use statistical methods to check if it was true that when the average mark increases then probability of being a better mobot operator also increases.
Based on the scores from training [1] the candidates are divided into the categories (poor, mediocre, good). For each of the category an average mark (from individual average marks) and average intelligence test result (from individual scores) are calculated.
The average mark in every category is shown in Fig. 6 . The partition of the candidates in every category with respect to their average marks is shown in Fig. 7 . The average score of intelligence test obtained by the candidates in each category is presented in Fig. 8 . The partition of the candidates in every category with respect to their IQ test points is shown in Fig. 9 . 
Conclusions
There is no straight relationship between the average mark or the intelligence test score and quality of watching Q Q Q for all the students. In such a case an application of rough sets theory is risky and tools like ARES require very careful approach. Still, it might be used but reasonably and with limited credibility. It follows from Table 1 that average marks may be used for the initial selection of students for further training but with limited credibility.
Thanks to the statistical analysis the following conclusions hold: • for mediocre and good subgroups average marks are higher than for poor one;
• the higher average marks in the subgroup, the higher percentage of good and very good candidates;
• the better category of candidates, the higher average intelligence test score;
• the higher average scores of intelligence test in the subgroup, the higher percentage of good and very good candidates;
The score of IQ test better distinguishes between good and poor the candidates than the average mark. The candidates with the highest score of IQ test usually belong to a good category. Moreover, fewer good candidates would be dropped in comparison with the average mark criterion (Table 2) . As it is shown in Table 2 choosing candidates with 20 or more IQ test points means that 68% of all "good" operators and about 41% of all "mediocre" ones would be selected. Similarly, choosing candidates with the average mark above 4.0 means that 55% of all "good" candidates and 56% of all "mediocre" ones would be selected. No "poor" operator would be selected in both cases.
The selection procedure applied here consists in matching the results from two sources of information about individuals under evaluation. The first source is training in virtual reality. This is expensive and time-consuming but dependable. The other source is quick and cheap IQ test. As the results from the sources match up the simpler IQ test may be used for initial selection of the individuals. The results from Table 2 proved that such selection procedure is valid.
